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METHOD OF SUPPRESSING A PERIODICAL 
PATTERN IN AN IMAGE 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/688,930 ?led Jun. 9, 2005, Which is incor 
porated by reference. In addition, this application claims the 
bene?t of European Application No. 051029494 ?led Apr. 
14, 2005, Which is also incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to a method for suppression 
of a periodical pattern With a given frequency. It relates more 
speci?cally to suppression of periodical patterns caused by 
the presence of an anti-scatter grid in X-ray images. 

BACKGROUND OF THE INVENTION 

A commonly used technique to reduce the amount of scat 
tered X-rays in computed radiography, digital radiography as 
Well as classical ?lm-based X-ray systems is the use of anti 
scatter grids. These grids are lead foil strips, placed apart at a 
certain distance in a suitable covering. 

There exist different types of anti-scatter grids. In parallel 
grids, the lead foil strips are parallel, While in honeycomb 
grids the strips are placed in a honeycomb pattern. The grids 
are stationary or moving. The use of these grids effectively 
reduces the radiation scattering but occasionally introduces 
artefacts such as grid lines into the image. 

In a moving system, the motion of the grids removes the 
grid lines in the image. HoWever, in some circumstances e.g. 
short exposure time or malfunctioning of the system, the 
artefacts remain in the image. 

If the image is formed digitally or converted afterwards to 
a digital image representation, Moire artefacts may appear 
When displaying the image at a certain scale. These loW 
frequent Moire artefacts are mostly disturbing and should be 
eliminated. Before displaying the image, the grid lines, if 
present in the image, should be removed. 

It is a goal of the present invention to eliminate of the 
negative in?uence of periodic artefacts e.g. moire artefacts of 
Zoomed images, Without removing diagnostic information. 

SUMMARY OF THE INVENTION 

The above-mentioned aspects are realised by a method as 
set out in claim 1. 

Speci?c features for preferred embodiments of the inven 
tion are set out in the dependent claims. 

The present invention provides a method for suppressing 
periodical variations centred on given frequency in an image 
in a given direction, parallel to an image axis. 

The method provides a technique to apply a non-linear high 
frequency attenuating ?lter parallel and perpendicular to the 
periodical variation. 

This non-linear high frequency attenuating ?lter can be a 
median ?lter. This ?lter ensures that a minimal amount of 
relevant information is removed from the original image. This 
?lter does not reduce the image quality of the image. 

The method alloWs the removal of periodic patterns for 
Which the frequency of the variation is not exactly knoWn. It 
performs a short-time Goer‘tZel transform to obtain a suitable 
representation of the periodic variation. The result of the 
short-time Goer‘tZel transform can be presented as a real or 
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2 
imaginary part. A non-linear high frequency attenuating ?l 
tering process is performed on this representation or a deriva 
tive of this representation. After ?ltering, removing the diag 
nostic content from the short-time GoertZel transform, the 
inverse of the transform is computed and the inverse is used to 
correct the input data. 
The embodiments of the methods of the present invention 

are generally implemented in the form of a computer program 
product adapted to carry out the method steps of the present 
invention When run on a computer. The computer program 
product is commonly stored in a computer readable carrier 
medium such as a CD-ROM or a DVD. Alternatively the 
computer program product takes the form of an electric signal 
and can be communicated to a user through electronic com 
munication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a ?owchart for conversion of the multiplica 
tive problem to an additive problem, 

FIG. 2 shoWs an implementation of the invention With a 
2-dimensional median ?lter, 

FIG. 3 shoWs an implementation of the invention With 2 
separable median ?lters, 

FIG. 4 shoWs an implementation of the invention With a 
highpass ?lter as a preprocessing step, 

FIG. 5 shoWs the result of the invention on a computer 
generated input signal. The result of the invention is com 
pared With the result of a similar technique Where 3 spectral 
components in the Fourier domain are suppressed, 

FIG. 6 shoWs the Window that is used to compute the 
short-time GoertZel transform for a signal With a period of 
3.011 that needs to be suppressed (see also FIG. 5), 

FIG. 7 shoWs the result of the short-time Goer‘tZel trans 
form of the input signal of FIG. 5, 

FIG. 8 shoWs the result of the invention on a computer 
generated input signal. The result of the invention is com 
pared With the result of a similar technique Where 3 spectral 
components in the Fourier domain are suppressed. In this 
case, the period of the disturbing signal does not coincide 
With the central frequency of a spectral component in the 
Fourier domain, 

FIG. 9 shoWs the result of the invention on a computer 
generated input signal. The result of the invention is com 
pared With the result of a similar technique Where 7 spectral 
components in the Fourier domain are suppressed. In this 
case, the period of the disturbing signal does not coincide 
With the central frequency of a spectral component in the 
Fourier domain, 

FIG. 10 shoWs the result of the invention on a computer 
generated input signal. The result of the invention is com 
pared With the result of a similar technique Where 7 spectral 
components in the Fourier domain are suppressed. In this 
case, the period of the disturbing signal varies betWeen 2.911 
and 3 .1 1 1. 

FIG. 11 shoWs the result of the short-time Goer‘tZel trans 
form of the input signal of FIG. 10 and the Fourier transform 
of the said input signal. The output of the short-time-Goer‘tZel 
transform is sloWly varying. 

FIG. 12 shoWs a unit step function disturbed With a linear 
combination of a sine and cosine function of a given fre 
quency. 

FIG. 13 shoWs an amplitude representation of the method 
of the present invention combined With a non linear postpro 
cessing method, a median ?lter. 
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FIG. 14 shows the result of a notch ?lter for the signal of 
FIG. 12 and the result of the correction With the method of the 
present invention, using a non linear postprocessing step pre 
sented in FIG. 13. 

DETAILED DESCRIPTION OF THE INVENTION 

The presence of an anti-scatter grid manifests itself as a 
periodic disturbance of the input signal. In the method 
according to the present invention, We assume that the distur 
bance is of a pure periodic nature. 

It is a goal of the method of the present invention to elimi 
nate of the negative in?uence of periodic artefacts e. g. moire 
artefacts of Zoomed images, Without removing diagnostic 
information. 

Experiments have shoWn that removal of sinusoidal signals 
With the main frequency of the periodic disturbance is good 
enough for this purpose. 

The invention can be used to correct periodic artefacts of an 
additive or multiplicative nature. In the second case, the situ 
ation can be converted to artefacts of an additive nature by 
using a logarithmic transform before processing and an expo 
nential transform after removal of the periodic artefacts (see 
FIG. 1). 

The invention comprises the step of processing the image 
by applying to the image comprising the artefacts a median or 
high frequency attenuating ?lter in the direction of the peri 
odic signal, after estimation/extraction of the periodic arte 
fact, to remove the diagnostic information still present in the 
periodic signal. Normally such a high frequency attenuating 
?lter removes the periodic information of the signal. 

In patent application EP 04 102 185.8 a technique has been 
described to overcome this problem. This technique only 
Works if the period of the variation is integer. 

Because this is not the case for the periodic disturbances of 
the anti scatter grids, the periodic signal is transformed to a 
complex representation or amplitude/phase representation of 
a given frequency. 

Such a technique is generally knoWn as the GoertZel trans 
form. 

If s:(so, s1, . . . , sN) is the input signal, the Goer‘tZel 
transform for the frequency w is de?ned as 

For sake of simplicity, I Will only use the integral notation 
for the formulas. The formulas can be easily converted to our 
discrete problem. For suppression of the periodical patterns 
caused by the presence of an anti-scatter grid in X-ray images, 
the frequency 00 however, is only knoWn to a certain degree of 
accuracy. Also, because of the nature of the anti scatter grids, 
this frequency can change a little bit over distance. According 
to the invention a WindoWed Goer‘tZel transform, localiZed in 
place, is computed. This transform Will be called the short 
time GoertZel transform F 

The result of Equation 1 for a given frequency w, is a 
complex number for each position y. The inverse transform of 
the complex number is a good estimate of the periodic dis 
turbance. 
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4 
HoWever, We perform a median or high frequency attenu 

ating ?lter on this complex representation (or any part or 
derivative of this representation e. g.: real part, imaginary part, 
amplitude, phase . . . ). This ?lter may consist of a 2-dimen 

sional ?lter, or tWo separate ?lters, one parallel to the grid 
direction and one orthogonal to the grids (see FIG. 2 and FIG. 
3). 

If We folloW a scheme Where We already have applied a 
high frequency attenuating ?lter parallel to the grids, only a 
?lter orthogonal to the grids is su?icient for robust estimation 
of the periodic signal (FIG. 4). 

If We assume that the input signal s can be de?ned as 

Which is a reasonable assumption for a model of an antiscatter 
grid. We Want to extract the sloWly changing amplitudes 0t, [3 
of the grid We divide Equation 1 into the folloWing tWo parts: 

Equation 1 transforms to l“(y,w):l“c(y,u))+il“s(y,u)). If We 
assume that the amplitudes are approximately constant over 
the extent of our WindoW, We can use the folloWing notations: 

With this knowledge, We can approximate the amplitudes 

( ) r001, w)lnm(y, w) + 11(y, w)l"m(y, w) Equation 2 
0; = 

y my. who. w) - my. who. w) 

?y) : my. MFSAy, w) — no. MPEG6, w) 
Fay, MEN, w) — Paw, w)Fm(y, w) 

If some postprocessing on the amplitude representation is 
performed, resulting in the neW amplitude representation ((X', 
[3‘) the reconstructed signal s' is given by 

The advantages of this transformation are tWofold. Only 
one spectral component needs to be computed and the trans 
formation generates a sloWly varying output, Which is ideal 
for processing before transforming it back to the original 
input domain. 

For an input signal With a period of 50 With a little bit of 
noise, Which is disturbed by a synthetic grid With a period of 
3.011 pixels (FIG. 5), We compare our approach With an 
approach in Which 3 spectral components in the Fourier 
domain are suppressed. The WindoW that is used to compute 
the short-time Goer‘tZel transform for the frequency 
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is displayed in FIG. 6. In FIG. 7 the output of the short-time 
GoertZel transform is displayed as both parts of the complex 
notation and as an amplitude-phase notation. Both represen 
tations vary smoothly, Which makes it easy to apply high 
frequency attenuating ?lters to remove remaining diagnostic 
information. FIG. 7 also displays the Fourier spectrum of the 
input signal. FIG. 6 illustrates that the result of both methods 
is comparable. 

In the assumption that the period of the signal is not 3.01 1 
but 3 .02, the outer limit of the same frequency bin in the 
Fourier domain, We have different outcomes (see FIG. 8). The 
short-time GoertZel transform performs better than the Fou 
rier method. We can achieve the same result With the Fourier 
technique, but than We need to suppress more spectral com 
ponents. In FIG. 9 seven spectral components are suppressed. 
This makes the Fourier transform more time consuming. 

The method is even more interesting When We take a signal 
in Which the period changes. In FIG. 10 an input signal is 
generated Where the period of the grid varies from 2,911 to 
3.111 pixels. By suppressing 7 spectral components, We do 
not have the same result as With our short-time GoertZel 
transform. 
An alternative to the GoertZel transform is to design a notch 

?lter Which has the same ?ltering characteristics than the 
short-time GoertZel transform. The GoertZel transform hoW 
ever, has the advantage that high frequency attenuation, 
spike-detection algorithms, . . . are easier to implement in the 

GoertZel domain since its output is sloWly varying (see FIG. 
7 and FIG. 11). 

The difference betWeen a notch ?lter and the short time 
GoertZel transform combined With a non linear ?lter, in this 
case a median ?lter for the amplitude representation of Equa 
tion 2, is illustrated on the input signal of FIG. 12. The input 
signal consists of a unit step disturbed With a signal of a given 
frequency: 

In FIG. 13, the amplitude representation (0t,[3) is shoWn 
together With a median ?lter (ot',[3') version of this amplitude 
representation. The difference betWeen our non linear short 
time goertZel transform and a notch ?lter is given in FIG. 14. 
We clearly see that at that our ?lter is capable to almost 
perfectly reconstruct the step function. The small ?uctua 
tions, due to rounding errors, are much smaller than the ?uc 
tuations introduced by notch ?lter. 

The invention claimed is: 
1. A periodical pattern suppression method Wherein a spa 

tial frequency component corresponding to a periodical pat 
tern occurring in an image signal is suppressed, comprising 
the steps of: 

extracting, via a radiography processing computer, from 
said image signal the spatial frequency component cor 
responding to the periodical pattern included therein by 
applying a transformation to the image signal to trans 
form it into a representation of the spatial frequency 
component; 
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6 
processing, via the radiography processing computer, the 

representation of the spatial frequency component; 
computing, via the radiography processing computer, the 

inverse of the transformation on the processed represen 
tation of the spatial frequency component; and 

suppressing, via the radiography processing computer, the 
spatial frequency component occurring in the image 
signal by eliminating from said image signal the result of 
said inverse transformation, Wherein said transforma 
tion is de?ned by a formula 

Wherein s(x) is said image signal, 00 represents a given 
frequency of the periodical pattern, and 

Wherein said processing comprises applying a non-linear 
high frequency attenuating ?lter to the representation of 
the spatial frequency component. 

2. A method according to claim 1, Wherein the high fre 
quency attenuating ?lter is implemented With a median ?lter. 

3. A method according to claim 1, Where the high fre 
quency attenuating ?lter is a 2-dimensional ?lter. 

4. A method according to claim 1, Wherein the high fre 
quency attenuating ?lter is a 1-dimensional ?lter in the same 
direction as the spatial frequency component. 

5. A method according to claim 1, Wherein the high fre 
quency attenuation ?lter is a 1-dimensional ?lter in the 
orthogonal direction to the spatial frequency component. 

6. A method according to claim 1, Wherein the high fre 
quency attenuating ?lter is a sequence of high frequency 
attenuating ?lters including at least one of a 1-dimensional 
?lter and a tWo-dimensional ?lter. 

7. A method according to claim 1, Wherein the ?lter is 
applied to the imaginary part of the complex representation. 

8. A method according to claim 1, Wherein the ?lter is 
applied to the real part of the complex representation. 

9. A method according to claim 1, Wherein the ?lter is 
applied to the magnitude of the complex representation. 

10. A method according to claim 1, Wherein the ?lter is 
applied to the phase of the complex representation. 

11. A method according to claim 1, Wherein the transfor 
mation is applied to a ?ltered version of the image signal. 

12. A method according to claim 11, Wherein the ?ltered 
version of the image signal does not contain the DC compo 
nent. 

13. A method according to claim 11, Wherein the ?ltered 
version of the image signal only contains frequencies Within 
a certain bandWidth of the frequency to be suppressed. 

14. A method according to claim 1, Wherein the spatial 
frequency components are removed Which correspond to an 
image of anti-scatter gridlines in a radiographic image. 

15. A non-transitory computer program product adapted to 
carry out the steps of claim 1 When run on a computer. 

16. A non-transitory computer readable carrier medium 
comprising computer executable program code adapted to 
carry out the steps of claim 1. 

* * * * * 


